1= (% Meeting point: NL_NIL )
ClearAll["Global™ "]
gradedForm /: MakeBoxes [gradedForm[poly ], form_] :=
Module[{t}, With[{vars = Alternatives @@ Variables@poly},
RowBox [Riffle [RowBox[{" (", MakeBoxes [#, form], ")"}] & /@
CoefficientList[poly /. v:vars > txv, t], "+"1111;

FIfl_, f2_, 3_] :

-f1 f1 f3

[-Flfz 1 -FZ]
-f2 3 f2

glfi_, f2_, f3_]1 :
Discriminant [CharacteristicPolynomial [F[f1, f2, f3], w], w] // gradedForm ;

s=5;

gl[fl_, f2_, f3_] := Discriminant[CharacteristicPolynomial [F[f1, f2, 3], w], w] ;

g2[f1_, f2_, f3_] := f1-F2;

Solve[gl[f1l, f2, f3] -- 0 && g2[f1, f2, f3] == 0, {f2, f3}]

Solve[-3+10k*-11k*+4k® == @, k]

(f1-f12-f1 \/—3—2f1+f12);
(fl—f12+f1 w/—3—2f1+f12);

Solve[multSolveProjl[f1] == a, f1]
Solve[multSolveProj2[f1] == a, f1]

V-3a’-4a®> a+4-3a’-43a°

2(1+a) 2 (1+a)

multSolveProj1[f1_] :

multSolveProj2[fl1_] :

NIRrRNIPR

Simpli-Fy[g[a _ » a” // FullForm

(* This shows that the guessing curve indeed on the contour =*)

(f1-f12-f1 \/—3—2f1+f12)]] // FullForm
(-Fl—-F12+f1 w/-3-2f1+f12)” // FullForm

(* This shows that NL on the contour x)

Simplify[g[fl, 1,

Simpli-Fy[g[-Fl, f1,

NIRrRNIR

Out[«]=
{{fz»fl, 35 -f1-2 2 f1+ 1%}, {251, 35 -F1+2 V2 f1+ 17},

(f25 1, F3  [f-f2-f1y 3 2f1. 727 )],

2
{-F2—>f1, 'F3%; (-Fl—-F12+-F1 \/—3—2f1+f12)}}

Out[« ]=

{{kefl}, {k - -1}, {k-1}, {k->1}, {kﬁ\/j}-v {k%

J)

--+) Solve: There may be values of the parameters for which some or all solutions are not valid.

a-+-3a’>-4a3 a++-3a*-4a3

Hﬂ% 2 (1+a) } {ﬂ% 2 (1+a) }}

V3
2

Out[« ]=
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-«+) Solve: There may be values of the parameters for which some or all solutions are not valid.

a-+-3a%-4a° a++-3a%-4a3

(- 2 (1+a) J {f- 2 (1+a) J)

Out[ = J//FullForm=

gradedForm[0Q]

Out[«]=

Out[ » J//FullForm=

gradedForm[0]

Out[ « J//FullForm=

gradedForm[0]

n-]- surface = ContourPlot3D[Discriminant [CharacteristicPolynomial [F[f1, f2, 3], w], w] == O,
{f1, -s, s}, {f2, -s, s}, {f3, -s, s}, Mesh » None, ContourStyle » Opacity[0.3],
AxesLabel - Automatic, Axes -» False, Boxed - False];

1
c11 = ParametricPlot3D [{fl, f1, - (fl S f12 - f1 A -3-2F1+f12 )},
2

{f1, -3, -1}, (*PlotStyle-~RGBColor[0,1,0],*)

1
PlotLegends - {"c11: (F1,f1,— (f1-f12-f1 +/-3-2f1+f12)) , f1<-1"}];
2

1
c12 = ParametricPlot3D [{fl, f1, - (fl - f1% - f1 /-3 -2 1+ f1? ) },
2

{f1, 3, 3.3}, (*PlotStyle-RGBColor[0,0,1], )

1
PlotLegends - {"clz: (F1,f1,— (F1-f12-f1 +/-3-2f1+f12)) , f1>3"}];
2

1
c21 = ParametricPlot3D [{fl, f1, - (fl S f1% 4+ f1 /-3 -2 1+ f1? ) },
2

{f1, -2, -1}, (*PlotStyle-RGBColor[1,1,0],%*)

1
PlotLegends - {"c21: (F1,f1,— (F1-f1%+F1 +/-3-2f1+12)) , f1<-1"}];
2
c22 = Par'ametr-icPlot3D[

1 2 2
{fl, f1, - (-Fl—-Fl +fl\-3-2f1+f1 )},
2

{f1, 3, 4}, (*PlotStyle-RGBColor[0,1,1],*)

1
PlotLegends - {"c22: (F1,f1,— (F1-f12+f1 +/-3-2f1+f12)) , f1>3“}];
2

£3- 4-3F32-4F3> £3++/-3f32-4f3°

2 (1+3) ’ 2 (1+3) ’ }’

c3 = ParametricPlot3D [{

{f3, -s, -1.5}, PlotLegends -» {"c3: one of the two guessing cur‘ve“}];

£3+4-3F37-4F3% f3-+/-3F32-4f3°

2 (1+3) ’ 2 (1+3) ’ }’

c4 = ParametricPlot3D [{

{f3, -s, -1.5}, PlotLegends -» {"c4: one of the two guessing curve"}];

ol = ParametricPlot3D[{{t, -1, -1}, {-1, t, -1}, {t, 3, -3}, {3, t, -3}}, {t, -s, s},
PlotStyle -» RGBColor[1, @, 0], PlotLegends » {"ol: four straight line"}];
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02 = Par‘ametr‘icPlot3D[{-F1, f1, -f1-2+/2 f1+ -Flz},

{f1, -1, 3}, PlotStyle -» RGBColor[O, 0, 0],

PlotLegends -» {"02: one of contour intersection with f1=f2 plane“}];
03 = Parametricplotso[{ﬂ, f1, -f1+2 /2 f1+ -Flz},

{f1, -3, 1}, PlotStyle » RGBColor[@, 0, 0],

PlotLegends » {"03: one of contour intersection with f1=f2 plane"}];

Show[ {surface, c11, c12, c21, c22, c3, c4, ol, o2, 03},
PlotRange - Automatic, PlotLegends -» Automatic]

Show[{sur‘face, c11, c12, c21, c22, c3, c4,

Gr‘aphic53D[{Pointsize[0.03], Point[{{:—zl (2-3 «/3), 2 (2_3 «/E), _73 +§ Vz},
1 1 -3 1
{5 (2+342). - (2+342), — -~ Va}}]}]}]
Show[{sur‘-Face, cl1, (*cl2,c21,x)c22, o2, o3,
Gr‘aphicsBD[{PointSize[0.63], Point[{{z (2—3 «/E), 2 (2-3 «/E), _?3 +2 \/z},
1 1 -3 1
{5 (2+342), - (243 42), — -~ va}]}]},

PlotRange - Automatic, PlotLegends - Automatic]

(* g denote the surface, c* denote the desired curve,

ox denote some interesting curves also satisfy the contour x)

(* Note that cl1l1 and c12 are actually same function in different input range,
to prevent image output. Same works for c21 and c22 x)

Out[« ]=

— c11: (f1,f1,% (F1-f12-f1 -3 -2f1 +f12
— 12 (f1f1, 1 (F1-F12-f1 (-3 - 21+ 112
— c21: (f1 ,f1,% (F1-f124f1 -3 - 2f1 +f12
— c22: (f1 ,f1,% (F1-f12+f1 -3 -2f1 +f1?

—— ¢3: one of the two guessing curve
—— c4: one of the two guessing curve
— o1: four straight line

— 02: one of contour intersection with f1=f

— 03: one of contour intersection with f1=f
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Out[«]=

Out[«]=

In[« ]:=

— c11: (f1,f1,% (f1-F12-f1 /=321 +f12)) , fl<—1
— c12: (f1,f1,% (f1-F12-f1 =3-2f1 +f12)), f1>3
— c21: (f1,f1,% (F1-F12+f1 \j—3—2f1 +f12)) , f1<—1
— ¢22: (f1 ,f1,% (F1-F12+f1 «j-s -2f1+f12)), f1>3

—— ¢3: one of the two guessing curve

—— c4: one of the two guessing curve

— c11: (f1,f1,§ (F1-f12-f1 Y-3-2f1+f12)), f1<-1
— 22: (f1 ,f1,§ (F1-f12+f1 V-3 -2f1+f12)), f1>3

— 02: one of contour intersection with f1=f2 plane

— 03: one of contour intersection with f1=f2 plane

(* This is used for find the MP of NL %)

1
Solve [ - (-Fl—-Flz—fl ‘\/—3—2-F1+f12) - (-fr+242 f14£1%) =0, f1]

2
1

solve| - (-Fl—-F12+f1 \/—3—2-F1+-F12) - (-f1-242 f14£22) =0, f1]
2

(* This is for find the eigenvalue and eigenvectors of MP and NL x)
1

eigenvalues [~ (2-3 V2 ), - (2-342), 2+ \2]]

2
eigenvectors[f[ (2-3+2), = (2-342), = + 2 +2]]

2

ListPlot[

Transpose [Table [Re [Eigenvalues [F [-Fl, f1, 0.5 (fl S f12_f1 -3.0-2.0f1 + f1? ) ] ] ] ,

(f1, -1.4, -1, 9.0961}]], DataRange » {-1.4, -1}, AxesLabel -» {"f1", "Re"},
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PlotLegends » {"Eigenvaluel"”, "Eigenvalues2", "Eigenvalues3"},
PlotStyle - RGBColor [0, O, e]]

(xFor [i:l, i<3,i++,Print [ListPlot [

Transpose[Table[Re[Eigenvalues[F[-Fl, f1, 0.5 (-Fl—flz—-Fl \/—3.0—2.9 -F1+-F12)”],

{f1,-1.4,-1,e.aeo1}” [i] ,DataRange-{-1.4,-1},
AxesLabel-{"f1","Re"},PlotLegends-{StringForm["Eigenvalues™ " ",i]},
PlotStyle-{RGBColor[1,0,0] ,RGBColor[0,1,0],RGBColor[@,0,1]} [[i]]] ] ]

ListPlot[

Transpose[Table[Im[Eigenvalues[F[f1, f1, 0.5 (-Fl—flz—fl \-3.0-2.0 f1+f12)”],

(f1,-1.4, -1,0.0901}] ] ,DataRange—{-1.4,-1},AxesLabel-{"f1","Im"},

PlotLegends- {"Eigenvaluel”,"Eigenvalues2","Eigenvalues3"},
PlotStyle- {RGBColor[1,0,0] ,RGBColor[0,1,0],RGBColor[0,0,1]} ] *)

For[i =1,i<3, i++, Pr‘int[ListPlot[

Transpose [Table [Im [Eigenvalues [F [fl, f1, 0.5 (-Fl S f12-f1 /-3.0-2.0f1+ f12 ) ] ] ] ,

(f1, -1.4, -1, 9.0991}”[[11], DataRange » {-1.4, -1},
AxesLabel -» {"f1", "Im"}, PlotLegends -» {StringForm["Eigenvalues ", i]},
PlotStyle -» {RGBColor[1, @, 0], RGBColor[@, 1, 0], RGBColor[@, 0, 1] }[[i]]] ]]

(*Refine[Eigenvectors[F[-Fl,fl,l (fl—flz—fl m)”,fkl]*)
Eigenvalues[F[:—zl (2+3 ‘\/E) (2+3 \/_) ___»\/_]]
Eigenvector‘s[F[E (2+3«/E),§(2+3«/_) —_—«/_”

2
ListLinePlot [

Transpose[Table[Re[Elgenvalues[ [-Fl f1, (-Fl f12+f1 V-3-2f1+f1° )]”

(f1, 3, 3.4, 9.9901}]], DataRange - {3, 3.4}, AxesLabel » {"f1", "Re"},

PlotLegends -» {"Eigenvaluel", "Eigenvalues2", "Eigenvalues3"},

PlotStyle —» RGBColor[@, O, e]]

ListLinePlot [
Transpose[Table[Im[Elgenvalues[ [-Fl f1, (-Fl f12+f1 V-3-2f1+f1° )]”

(f1, 3, 3.4, 0.0001}”, DataRange - {3, 3.4}, AxesLabel -» {"f1", "Im"},

PlotLegends » {"Eigenvaluel"”, "Eigenvalues2", "Eigenvalues3"}]

Out[«]=

{{flee}, {flel (2-3 ﬁ)}}
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Outf[«]=
1

{{fla@}, {fla; (2+3 \5)}}
Outf[«]=

[ (s-av2), 2 (s-a3), 2 [s-4+3))
Outf[«]=

—2+3\/§ *2+3\/E

=T TR Y= TR

Out[«]=

(M e Eigenvalue1
o Eigenvalues2

e Eigenvalues3
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Out[«]=

Out[«]=

2.x108

T

15x1078

e Eigenvalues1
1.x108

5.x107°9

-1.4 -1.3 -1.2 -1.1

-1.4 -1.3 -1.2 -1.1
-2.x107° [
—4.x107° [

Eigenvalues2

-6.x107° [

-8.x107°

-1.x10°8

-2.x107° [
~4.x107° [
e FEigenvalues3
-6.x107° [

-8.x10°

-1.x108

{; (5+4~2), = (5+4+2),

NP

(5+4\/§)}

NP

2+34/2 2+34/2
{{2(3“/5)’@’ 1}’ {2(3+ﬁ)

1, e}, (0, 0, e}}
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Out[«]=
Re
8 =
7 ;
[ — Eigenvalue1
6f — Eigenvalues2
[ — Eigenvalues3
5 =
4 ;
L1 L L L 1 L L L L 1 L L L L 1 f1
F 3.2 3.3 3.4
Out[«]=
Im
3.x10715F
2.x10715F
1 x10-15F — Eigenvalue1
f Eigenvalues2
L 1 " 1 " " 1 " " l f»]
b ) 3.2 33 34 .
g 3 Eigenvalues3
-1.x1075 |
—2.x1075 |
-3.x10715 F
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mn-1= (% This is for the third and forth MP (if they exist) =x)

surfacel =
ContourPlot3D[Discriminant [CharacteristicPolynomial [F[f1, f2, f3], w], w] =0,

{f1, 2, 7}, {f2, -3, 0}, {f3, -8, -1}, AxesLabel - Automatic];

f3- \/—3f32—4f33 f3+ 1/-3f32-433
) 'F3}: {f3, -8, ‘1}]3

2 (1+€3) ’ 2 (1+€3)

c = ParametricPlot3D [{

Show[ {surfacel, c}]

Out[«]=

In[« ]:=

Printed by Wolfram Mathematica Student Edition



10 | whole.nb

mn-]= (% This is for visualizing the eigenvectors alone NL. One x)
G1 = Graphics3D[{Opacity[©.4], Ball[]}];
ListAnimate [Table [Show [ {Gl, ParametricPlot3D [

{Normalize[Eigenvectors[F[f1, 1, 2 (fl - f1% - f1 /-3 -2 1+ f1? ) ]] [[1]]] ,
(-Fl—-Flz—-Fl \/—3—2~F1+-F12)”[[2]]],
(-Fl—-Flz—fl '\/—3—2f1+f12)”|[3]]]}*

Normalize [Eigenvector‘s [F [-Fl, f1,

NIRr NIR

Normalize [Eigenvectors [F [fl, f1,

u, {u, 0, 1}] /. Line -» Ar‘r‘ow}],

{ﬂ, -2.5, 2 (2 -3 «/5) s 0.001}] , AnimationRunning - False]

Out[«]=

i MEREIE]

(» Cone point: local property =)
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Oout[«]=

whole.nb

ClearAll["Global "]
gradedForm /: MakeBoxes [gradedForm[poly_ ], form_] :=
Module[ {t}, With[{vars = Alternatives @e Variables@poly},
RowBox [Riffle [RowBox[{" (", MakeBoxes [#, form], ")"}] & /@
CoefficientList[poly /. v:vars = txv, t], "+"1111;
f1f2 f1 f2
FLf1_, f2_, £3_] : [ -f1 f1 -F3]
-f2 f3 f2

g[fl_, f2_, f3_] :
Discriminant [CharacteristicPolynomial [F[f1, f2, f3], w], w] // gradedForm ;
s=05;
surface =
ContourPlot3D[Discriminant [CharacteristicPolynomial [F[f1, f2, 3], w], w] == O,
{f1, -s, s}, {f2, -s, s}, {f3, -s, s}, Mesh - None,
ContourStyle » Opacity[©.4], AxesLabel - Automatic];
ol = ParametricPlot3D[{{t, -1, -1}, {-1, t, -1}, {t, 3, -3}, {3, t, -3}}, {t, -s, s},
PlotStyle -» RGBColor[1, @, 0], PlotLegends » {"ol: four straight line"}];
04 = Parametricplotsn[{{t, 0, -t}, {t, 0, t}, {t, o, «/3/ 2t}, {t, o, - «/E/Zt}},
{t, -s, s}, PlotStyle » RGBColor[.5, .8, .5],
PlotLegends » {"04: four straight line at f2=e"}];

05 = Parametricplotan[{{e, t, -t}, {0, t, t}, {a, t, «/5/ 2t}, {e, t, - ﬁ/zt}},
{t, -s, s}, PlotStyle » RGBColor[.5, .2, .5],
PlotLegends » {"05: four straight line at -F1=e"}];
Show[ {surface, o1, o4, o5, Graphics3D[
{PointSize[0.03], Point[{{3, @, -3}, {O, 3, -3}, {-1, 0, -1}, {0, -1, -1}}1}1},
PlotRange - Automatic, PlotLegends - Automatic]

— o1: four straight line

04: four straight line at f2=0

3
—— 05: four straight line at f1=0
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In[« ]:=

neighborhoodConel =
ContourPlot3D[Discriminant [CharacteristicPolynomial [F[f1, f2, 3], w], w] == O,
{f1, 2, f3} e Ball[{3, @, -3}, 1.6]];
coneLinell = ParametricPlot3D[{3, t, -3}, {t, -1, 1}, PlotStyle -» RGBColor[1, 0, 0]];
conelLinel2 = ParametricPlot3D[{t, 0, -t}, {t, 2, 4}, PlotStyle » RGBColor[.5, .8, .5]];
conelLinel3 = ParametricPlot3D[{t, -1, -1}, {t, 0, 6}, PlotStyle » RGBColor[1, 0, O] ];
conelLinels =

4/3
Par‘ametr‘icPlot3D[{t, 0, - — t}, {t, 2, 4}, PlotStyle » RGBColor[.5, .8, .5]];
2

selfIntersectionll =
f3-4/-3F32-4f3> f3+4-3f32_4F33
ParametricPlotBD[{ ) R -F3}, {f3, -5, —1.5}];
2 (1+F3) 2 (1+F3)
neighborhoodCone2 =

ContourPlot3D[Discriminant [CharacteristicPolynomial [F[f1, f2, 3], w], w] = 0O,
{f1, f2, f3} e Ball[{-1, 0, -1}, ©0.5]];

coneLine21 = ParametricPlot3D[{-1, t, -1}, {t, -1, 1}, PlotStyle » RGBColor[1, 9, 0]];
conelLine22 =
ParametricPlot3D[{-t, O, -t}, {t, .7, 1.3}, PlotStyle -» RGBColor[.5, .8, .5]1;

1
selfIntersection2l = ParametricPlot3D [{fl, f1, - (fl - f1% 4+ f1 /-3 -2 f1 + 12 ) },
2

{f1, -2, -1}, PlotStyle - RGBColor[1, 1, e]];

selfIntersection22 = ParametricPlot3D[{-F1, f1,

N R

(fl—flz—fl \/—3—2f1+f12)},

(f1, -2, -1}, PlotStyle - RGBColor[@, 1, e]];

Show[ {neighborhoodConel, coneLinell, conelLinel2, conelLinel4 (* ,selfIntersectionili,
coneLinel3 )}, AxesLabel -» {f1, f2, f3}, PlotRange - Automatic]

Show[ {neighborhoodCone2, coneLine21, coneLine22 (% ,
selfIntersection2l,selfIntersection22 %)}, AxeslLabel » {f1, f2, f3}]
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Oout[«]=

In[« ]:=

(* This is for the local approximation of

sw4c4 at the cone point (3,0,-3) and (-1,0,-1) =*)
Simplify[g[fl+ 3, f2, f3-3]7;
Simplify[g[f1-1, f2, f3-1]];
ContourPlot3D [324 12+ 972 f1f2 + 648 f1f3 + 32432 == 0,

{f1, f2, £3} e Ball[{e, @, 0}, 1], AxesLabel -» {f1, f2, f3}]
ContourPlot3D[4 1% -4 f1f2-8f1f3+4f3% == 0,

{f1, f2, f3} e Ball[{@, O, @}, 1], AxesLabel - {f1, f2, f3}]
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Out[«]=

Out[«]=
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n-1= (% MP of sw2 )
ClearAll["Global™ %"]
1-fi-f2 f1 f2

F[f1_, f2_, f3_] := -f1 fi1-f3 3

-f2 f3 f2-f3
Discriminant [CharacteristicPolynomial [F [f1, f2, f3], w], w]
s = 10;

plotl = ContourPlot3D[Discriminant [CharacteristicPolynomial [F[f1, f2, 3], w], w] =0,
{f1, -s, s}, {f2, -s, s}, {f3, -s, s}, AxesLabel » Automatic,
Mesh - None, ContourStyle - Opacity[0.6] ]
Out[«]=
f12-4f1® - 2f1f2+4F1%F2+12F13F2+ F22 +4F1F22-20F12 F22 - 12 F13 F22 -4 23 -+
12F1F2°2 - 12F12 22 v af13 22 v 412 F3 - 12 F13 3 - 24 F12 F2 F3 + 24 F12 F2 F3 + 4 F2% F3 -
24F1F2%2F3+104F1%2F22 F3 - 12F13 F22 3 - 1223 3+ 24 F1 22 3 - 12 F12 F23 3 +
43224 F1F3%+36F12 32 - 12 13 £32 - 24 2 £3% + 128 f1 2 3% - 156 1% 2 £3° +
1213 £2 3% + 36 22 32 - 156 f1 22 32 + 28 f12 22 32 1223 32 1 12 F1 23 £32 + 16 3% -
72f1f3%+64F12F3° - 4f13 3372233+ 176 F1F2 33 - 20 F1%2 F2 33 1 64 F22 £33 -
20F1F2% £33 423 £33+ 16 F3 - 48 F1 3% + 4 F12 3% — 48 f2 £3* + 8 f1 f2 £3* + 4 £2° £3*

out[«]=

10

-1
n-]= Discriminant [CharacteristicPolynomial [F[f1, f2, f3], w], w] /. {-Fl -0, f2-50, f3 - —}
2

Oout[«]=

In[« ]:=
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In[« ]:=

Out[«]=

Oout[«]=

hi[fl_, f2_, f3_] := Discriminant[CharacteristicPolynomial [F[f1, f2, 3], w], w] ;
h2[f1_, f2_, f3_] := f1-f2;
Solve[hl[f1, f2, f3] == @ && h2[f1, f2, f3] == 0, {f2, f3}]

1
plot2 = ParametricPlot3D [{fl, f1, - (-1 +3f1- 1-6f1+F12 ) },
4

(f1, -s, s}, PlotStyle » RGBColor[@, 1, 1]];

1
plot3 = ParametricPlot3D [{-Fl, f1, - (-1 +3f1l+ V1-6f14+F12 ) },
4

{f1, -s, s}, PlotStyle » RGBColor[0.8, 0.1, 1]];

plot4 = Gr‘aphics3D[{PointSize [0.03],
point[{{3+2 V2, 3422, 2+~ V2], [3-242,3-2 42, 2-2 V2 }}]}]s

plot5 = Gr‘aphicsBD[{PointSize[0.03], Red, Point[{3+2 «/E, 3+2 '\/E, 2+E «/E}]}],
2
IE

3
plot6 = Graphicsso[{Pointsize [0.03], Blue, Point [{3 ~24/2,3-24/2,2- . «/3}

Show[ {plotl, plot2, plot3, plot4d}]
Show[ {plotl, plot2, plot3, plot5, plot6}]

{{f2-f1, f35 (—1+3f1—m)}:

4

{fzefl, P (-1+3f1+ \/1—6-F1+-F12)}}

4
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out[«]=

out[«]=

out[«]=

out[«]=

eigenvalues|F[3+2 V2,342 42, 242 V2]
eigenvectors[£[3+2 V2,342 2, 2+~ V2]
eigenvalues|F[3-2 V2, 3-2 42, 2- 2 V2]
eigenvectors[F[3-2 2, 3-2 V2, 2- - \2]]

{-1-+2, -1-+2, -1-+2}

~3-242 -3-242
sa g e e

{—1+ \/E, -1+ \/E, -1+ \/E}

3-242 3-242
{{_74+3\/E’0’ 1}’ {_74+3\/E,

1, 0}, (0, o, e}}
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Inl+ = Eigenvalues[F[fl, f1, :11 (—1+3f1— '\/1—6-F1+-F12)]]
Eigenvectors[F[fl, f1, % (—1 +3f1- m)”

p1 [{E 2| 1 ;
ot 1-f1-+1-6f1+f12]), 1-fl+Y1-6f1+f1 },
2 2

{-Fl, -1,3-2 «/E}, PlotLegends - "Expr‘essions"]

1 2 1 2
Plot[{— (1-f1- Vi-6fl1+f1 ), z (1—f1+ Vi-6f1+f1 )},
2 2

{-Fl, 3+2 «/E, 7}, PlotLegends - "Expressions"]

Out[« ]=
{; (1-{1_ \/1—6-F1+F12), ; (1—f1+ \/1—6-F1+F12), 1 (1—f1+ \/1—6F1+-F12)}
Out[« ]=
_ Ne
H_l 3f1+ 411C161C1+1C12 o, 1},
1-3f1++1-6F1+F12 1-3f1-+/1-6f1+F12
5 : 41 1 o) |- 21 — 1 1)
Out[«]= 25?
20}
15F
: —_ %(1—f1—\/1—6f1+f12)
m; %(1—f1+\/1—6f1+f12)
O'Sf
Do s s 0 -
_0.5,
Oout[«]=
; 6‘0 6‘2 614‘ ‘ 6‘6 6‘8 7‘0
“20f

— %(1-f1- \1-6f1 +f12)
(1-f1+\/1—6f1+f12)

N =

- G1 = Graphics3D[{Opacity[0.4], Ball[]}];

1-3f1+4/1-6F1+F12 1

G2 = ParametricPlot3D [{{— 5 0,
(1-3 1+ V16 F1vfl )2 (1-3 F1+ V16 F1rf2? )Z
4f1 1+ 16 f12 1+ 16 f12
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1-3f1+41-6F1+F12 1

3
£l \/1 (1-3 F1+ Vi-6 FiefL® )2 \/1 (1-3 1+ '\/1—6f1+f12)2
+ +

16 f12 16 f12

{- » e},

- _A1-
{_ 1-3f1 1-6F1+f12 , 1 ’ 1 2}}’

\/ (1-3F1- Vi-6 FiefL® )2 \/ (1-3 F1- Vi-6 f1vfa )2 \/ (1-3F1- Vi-6 f1ef1?)
2f1 2+ 2+ 2+

4f1? 4f1? 4f1?

{fl, 0.1, 3-2 «/3}, PlotStyle - RGBColor[1, 1, @] ];

G3 = ParametricPlot3D [

{{ 1-3f1+ 41-6F1+f12 1 1 }
- 3 3 3
\/ (1-3 f1+4/1-6 f1+12 )2 \/ (1-3 f1+ 4/1-6 F1+f12 )2 \/ (1-3 f1+ 4/1-6 F1+f12 )2
21 4/2+ 2+ 2+

4f1? 4f1? 4f1?

1-3f1-4/1-6f1+f12 1

- 3 OJ 3
{ \/ (1-3F1- Vi-6 fiefL® )2 \/ (1-3 F1- V16 f1vf2? )Z
41 4/1+ 1+

16 f12 16 f12

1-3f1-4/1-6f1+f12 1

3
(1-3F1- Vi-6 FiefL® )2 (1-3F1- Vi-6 f1+f27)
41 4/1+ o 1+

(- = o)}

16 f12

{fl, 3-24/2, 9.1}, PlotStyle —» RGBColor[1, 1, @] ];

Animate [Show [
1-3f1+ 41-6F1+F12 1
{Gl, G2, Par‘ametr‘icPlotBD[{{— , 0, )
(1-3 f1+ 1/1-6 F1+F12 )2 (1-3 f1+ \1-6 F1+F1° )z
4f1 1+ 16 f12 1+ 16 f12

1-3f1+ \1-6F1+f12 1

3
4f1 \/1 (1-3 f1+ \1-6 f1+F12 )Z \/1 (1-3 1+ y/1-6 F1+F12 )
+ +

16 f12 16 f12

{- —, o},

{ 1-3f1- \1-6Ff1+f12 1

\/ (1-3 f1- \1-6 f1+F12 )Z \/ (1-3 f1- y/1-6 f1+f12 )2
2 'Fl 2+ 2+

412 4 f1?
1
*Uu, {u, 9, 1}] /. Line - Ar‘r‘ow}],
(1_3.1c1_«/1_<s1<ﬁ)2
2+ 4 £1?

{-Fl, 0.1, 3-2 «/E}, AnimationRunning - False]

Animate [Show[{Gl, G3, Par‘ametr‘icPlot3D[
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- N
{{_ 1-3f1+ +1-6F1+F12 , 1 , 1

3
(1-3f1+ Vi-6 F14FL2 )2 (1-3 f1+ VI8 F1F0 )2 (1-3 F1+ VI-6 F1F27 )2
2F14/2+ 24 24

4f1? 4f1? 4f1?

1-3f1- V1-6f1+f12 0 1 }
{- \/ (1-3f1-+1-6 1=1+1=12)2 T \/ (1-3f1- 1—6f1+f12)2 ’
41 4/1+ 1+

16 f12 16 f1?
1-3f1- V1-6f1+f12 1
{- , ,0}}*u, {u, @, 1}] /.
(1-371- 1—6-F1+-F12)2 (1-3f1- 1—6-F1+-F12)2
41 4/1+ 5 1+ z
16 £1 16 f1

Line -» Ar‘r‘ow}], {-Fl, 3-2 '\/E, 9.1}, AnimationRunning - False]

Out[«]=

nd] MERIE]
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In[« ]:=

Out[«]=

Out[«]=

In[« I:=

Out[«]=

Out[«]=
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o] MERIE]

Eigenvalues [F [fl, f1,

(—1+3f1+ m)]]
(—1+3f1+ m)]]

1
4
1
Eigenvectors [F [-Fl, fi, -
4

{} (1—-F1—\/1—6-F1+F12),

2

(1—f1—\/1—6f1+1‘12),

NP

(1—-F1+\/1—6F1+-F12)}

NP

1-3Ff1++/1-6F1+f12
{{- L)

1-3f1-+/1-6f1+F12 1-3f1-+/1-6f1+F12
5 41 0 1) {- 41 =

Eigenvalues [F [0, 0, - 2 ] ]

Eigenvectors [F[O, 9, - z ”

{1, 1, 0}

{{6, -1, 1}, {1, 0, @}, {0, 1, 1}}
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n-]- Eigenvalues[F[9, 0, 0]]
Eigenvectors[F[0, 0, 0]]
outf - J=
{1, 0, 0}

Out[«]=

{{1, 0, 0}, {0, 0,1}, {0,1,0}}
1-3f1-4/1-6f1+f12 1-3f1+ 41-6F1+F12
In[+ ]:= Plot[{— y - }:
2 f1 2f1

{fl, 0, 3-2 \/E}, PlotLegends - "Expr'essions"]

1-3f1- 1-6F1+f12 1-3f1+ 41-6F1+F12

PIOt[{_ 21 T 2 f1 }’

{-Fl, 3+2 «/E, 7}, PlotLegends - "Expr‘essions"]

Out[«]=
L I L L L L I L L L L L L L
r 0.05 0.10 015 ——
_5}
-10F
b 1-3f1- Y 1-6 1+f12
"15f 21
-20F 1-3 1+ \ 1-6 f14f12
F 21
—25 j
-30F
-35F
Out[«]=
1-3f1- y 1-6 f1+f12
21
. 1-3 1+ Y 1-6 f1+f12
[ 21
13+
L | L L L | L L L | L L L | L L L 1 N I Te—
6.0 6.2 6.4 6.6 6.8 7.0
. 1-3f1+ \V1-6F1+f1? 1
n-1- G& = ParametrlcPlotSD[{{— 5 0,
(1-3 1+ V16 F1eF2 )2 (1-3 F1+ V16 F1eF2? )2
41 4/1+ ~ 1+ ~
16 f1 16 f1

{ 1-3f1+ 41-6F1+F12 1 e}
- 3 3 3
\/ (1-3 1+ V16 F1eFL? )2 \/ (1-3 1+ V16 F1eF2? )2

41 4/1+ 1+

16 f1? 16 12
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1-3f1-4/1-6f1+f12 1 1

g e = )
(1-3 f1- 4/1-6 f1+12 )2 (1-3 f1- 4/1-6 f1+f12 )2 (1-3 f1- 4/1-6 f1+f12 )2
21 4/2+ > 2+ > 2+ ~
a1 a1 41

{fl, 20, 3+2 «/E}, PlotStyle - RGBColor[1, 1, 0] ];
G5 = Par‘ametr‘icPlotBD[

1-3f1+ 41-6F1+F12 1 1

- il )
{{ \/ (1-3 1+ 4/1-6 F1+F12 )2 \/ (1-3 1+ 4/1-6 F1+F12 )z \/ (1-3 1+ 4/1-6 F1+F12 )2
2 'Fl 2 + 2 + 2 +

4f1? 4f1? af1?

1-3f1-4/1-6f1+f12 1

{- 0
EJ 3 EJ
(1-3 f1- 4/1-6 f1+F12 )2 (1-3 f1- \1-6 f1+F12 )z
4f1 1+ 16 f12 1+ 16 f12

1-3f1-4/1-6f1+f12 1
: =, o}},

{- ,
41 \/1 (1-31- ‘\/1-6f1+f11)2 \/1 (1-3 f1- Vs fron?
+ +

16 f12 16 f12

{fl, 3+24/2, 20}, PlotStyle - RGBColor[1, 1, 0] ];

Animate [Show [
1-3f1+41-6F1+f12 1
{Gl, G4, Par‘ametr‘icPlotBD[{{— , 0, },
(1-3 f1+ 1/1-6 F1+F12 )Z (1-3 f1+ \1-6 F1+F1° )z
4f1 1+ 16 f12 1+ 16 12

1-3f1+4/1-6F1+f12 1
{_ 3 3 e}’
(1-3 1+ \1-6 F1+F12 )2 (1-3 1+ y/1-6 F1+F12 )2
4f1 1+ 16 12 1+ 16 12
1-3f1-4/1-6F1+f12 1

3
\/ (1-3 f1- \/1-6 f1+F12 )2 \/ (1-3 f1- y/1-6 f1+F12 )2
2F1 42+ 2.

4 f12 4 f12

3

{_

1
\/2 (1-3 f1- 4/1-6 f1+F12 )2
+

*u, {u, 9, 1}] /. Line -» Ar'r‘ow}],

412
{-Fl, 20, 3+2 \/E}, AnimationRunning - False]

Animate [Show[{Gl, G5, Par‘ametr‘icPlot3D[

1-3f1+4/1-6F1+f12 1 1

- k) 3
{{ \/ (1-3 1+ y/1-6 F1+F12 )2 \/ (1-3 f1+ 4/1-6 F1+F12 )2 \/ (1-3 f1+4/1-6 F1+F12 )2
2 'Fl 2 + 2 + 2 +

412 412

412
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1-3f1- \1-6f1+f12 1
{' k) 0) }J
\/ (1-3 f1- \/1-6 f1+f12 )Z \/ (1-3 f1- 4/1-6 f1+f12 )2
4f1 1+ 1+

16 f12 16 f12

1-3f1- \1-6Ff1+f12 1

3
af1 \/1 (1-3 f1- /1-6 f1+f12 )Z \/1 (1-3 f1- 4/1-6 f1+f12 )
+ +

16 f12 16 f12

{_

=, e}}*u, {u, @, 1}] /.

Line - Ar‘r‘ow}], {-Fl, 3+2 «/E, 20}, AnimationRunning - False]

Out[«]=

nd] PEEIE]
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out[«]=

n<l] PEEIE]

Printed by Wolfram Mathematica Student Edition



26 | whole.nb

n-1= (% MP of sw2 )
ClearAll["Global™ %"]
1-fi-f2 f1 f2

F[f1_, f2_, f3_] := -f1 fi1-f3 3

-f2 f3 f2-f3
Discriminant [CharacteristicPolynomial [F [f1, f2, f3], w], w]
s = 10;

plotl = ContourPlot3D[Discriminant [CharacteristicPolynomial [F[f1, f2, 3], w], w] =0,
{f1, -s, s}, {f2, -s, s}, {f3, -s, s}, AxesLabel » Automatic,
Mesh - None, ContourStyle - Opacity[0.6] ]
Out[«]=
f12-4f1® - 2f1f2+4F1%F2+12F13F2+ F22 +4F1F22-20F12 F22 - 12 F13 F22 -4 23 -+
12F1F2°2 - 12F12 22 v af13 22 v 412 F3 - 12 F13 3 - 24 F12 F2 F3 + 24 F12 F2 F3 + 4 F2% F3 -
24F1F2%2F3+104F1%2F22 F3 - 12F13 F22 3 - 1223 3+ 24 F1 22 3 - 12 F12 F23 3 +
43224 F1F3%+36F12 32 - 12 13 £32 - 24 2 £3% + 128 f1 2 3% - 156 1% 2 £3° +
1213 £2 3% + 36 22 32 - 156 f1 22 32 + 28 f12 22 32 1223 32 1 12 F1 23 £32 + 16 3% -
72f1f3%+64F12F3° - 4f13 3372233+ 176 F1F2 33 - 20 F1%2 F2 33 1 64 F22 £33 -
20F1F2% £33 423 £33+ 16 F3 - 48 F1 3% + 4 F12 3% — 48 f2 £3* + 8 f1 f2 £3* + 4 £2° £3*

out[«]=

10

-1
n-]= Discriminant [CharacteristicPolynomial [F[f1, f2, f3], w], w] /. {-Fl -0, f2-50, f3 - —}
2

Oout[«]=

In[« ]:=
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mn-1= hi[fl_, f2_, f3_] := Discriminant[CharacteristicPolynomial [F[f1, f2, 3], w], w] ;
h2[f1_, f2_, f3_] := f1-f2;
Solve[hl[f1, f2, f3] == @ && h2[f1, f2, f3] == 0, {f2, f3}]

1
plot2 = ParametricPlot3D [{fl, f1, - (-1 +3f1- 1-6f1+F12 ) },
4

(f1, -s, s}, PlotStyle » RGBColor[@, 1, 1]];

1
plot3 = ParametricPlot3D [{-Fl, f1, - (-1 +3f1l+ V1-6f14+F12 ) },
4

{f1, -s, s}, PlotStyle » RGBColor[0.8, 0.1, 1]];

plot4 = Gr‘aphics3D[{PointSize [0.03],
point[{{3+2 V2, 3422, 2+~ V2], [3-242,3-2 42, 2-2 V2 }}]}]s

plot5 = Gr‘aphicsBD[{PointSize[0.03] , Red, Point[{B +2 «/E, 3+2 '\/E, 2+ E «/E}] }],
2
]

ik

3
plot6 = Graphicsso[{Pointsize [0.03], Blue, Point [{3 —2+/2,3-24/2,2-2 «/3}
2

Show[ {plotl, plot2, plot3, plot4d}]
Show[ {plotl, plot2, plot3, plot5, plot6}]
Out[«]=

{{f2-f1, f35 (—1+3f1—m)}:

4

{fzefl, P (-1+3f1+ \/1—6-F1+-F12)}}

4

Oout[«]=
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Out[«]=

i Eigenvalues[F[3+2 V2, 34242, 2+~ \2]]
eigenvectors[£[3+2 V2,342 2, 2+~ V2]
eigenvalues|F[3-2 V2, 3-2 42, 2- 2 V2]
eigenvectors[F[3-2 2, 3-2 V2, 2- - \2]]

o {-1-+2,-1-+2, -1-+2}
Oout[«]=
-3-242 -3-242
{{_ 44342 0% 1}’ {_ 4:3+2

1, 0}, (0, 0, e}}

Oout[«]=
{-1++2, -1++2, -1+ 2}
out[«]=
3-24/2 3-24/2
O
~4+342 “4+342

1, 0}, (0, o, e}}
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Inl+ = Eigenvalues[F[fl, f1, :11 (—1+3f1— '\/1—6-F1+-F12)]]
Eigenvectors[F[fl, f1, % (—1 +3f1- m)”

p1 [{E 2| 1 ;
ot 1-f1-+1-6f1+f12]), 1-fl+Y1-6f1+f1 },
2 2

{-Fl, -1,3-2 «/E}, PlotLegends - "Expr‘essions"]

1 2 1 2
Plot[{— (1-f1- Vi-6fl1+f1 ), z (1—f1+ Vi-6f1+f1 )},
2 2

{-Fl, 3+2 «/E, 7}, PlotLegends - "Expressions"]

Out[« ]=
{; (1-{1_ \/1—6-F1+F12), ; (1—f1+ \/1—6-F1+F12), 1 (1—f1+ \/1—6F1+-F12)}
Out[« ]=
_ Ne
H_l 3f1+ 411C161C1+1C12 o, 1},
1-3f1++1-6F1+F12 1-3f1-+/1-6f1+F12
5 : 41 1 o) |- 21 — 1 1)
Out[«]= 25?
20}
15F
: —_ %(1—f1—\/1—6f1+f12)
m; %(1—f1+\/1—6f1+f12)
O'Sf
Do s s 0 -
_0.5,
Oout[«]=
; 6‘0 6‘2 614‘ ‘ 6‘6 6‘8 7‘0
“20f

— %(1-f1- \1-6f1 +f12)
(1-f1+\/1—6f1+f12)

N =

- G1 = Graphics3D[{Opacity[0.4], Ball[]}];

1-3f1+4/1-6F1+F12 1

G2 = ParametricPlot3D [{{— » 9, )
(1-3 1+ V16 F1vfl )2 (1-3 F1+ V16 F1rf2? )Z
4f1 1+ 16 f12 1+ 16 f12
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1-3f1+41-6F1+F12 1

3
£l \/1 (1-3 F1+ Vi-6 FiefL® )2 \/1 (1-3 1+ '\/1—6f1+f12)2
+ +

16 f12 16 f12

{- » e},

- _A1-
{_ 1-3f1 1-6F1+f12 , 1 ’ 1 2}}’

\/ (1-3F1- Vi-6 FiefL® )2 \/ (1-3 F1- Vi-6 f1vfa )2 \/ (1-3F1- Vi-6 f1ef1?)
2f1 2+ 2+ 2+

4f1? 4f1? 4f1?

{fl, 0.1, 3-2 «/3}, PlotStyle - RGBColor[1, 1, @] ];

G3 = ParametricPlot3D [

{{ 1-3f1+ 41-6F1+f12 1 1 }
- 3 3 3
\/ (1-3 f1+4/1-6 f1+12 )2 \/ (1-3 f1+ 4/1-6 F1+f12 )2 \/ (1-3 f1+ 4/1-6 F1+f12 )2
21 4/2+ 2+ 2+

4f1? 4f1? 4f1?

1-3f1-4/1-6f1+f12 1

- 3 OJ 3
{ \/ (1-3F1- Vi-6 fiefL® )2 \/ (1-3 F1- V16 f1vf2? )Z
41 4/1+ 1+

16 f12 16 f12

1-3f1-4/1-6f1+f12 1

3
(1-3F1- Vi-6 FiefL® )2 (1-3F1- Vi-6 f1+f27)
41 4/1+ o 1+

(- = o)}

16 f12

{fl, 3-24/2, 9.1}, PlotStyle —» RGBColor[1, 1, @] ];

Animate [Show [
1-3f1+ 41-6F1+F12 1
{Gl, G2, Par‘ametr‘icPlotBD[{{— , 0,
(1-3 f1+ 1/1-6 F1+F12 )2 (1-3 f1+ \1-6 F1+F1° )z
4f1 1+ 16 f12 1+ 16 f12

1-3f1+ \1-6F1+f12 1

3
4f1 \/1 (1-3 f1+ \1-6 f1+F12 )Z \/1 (1-3 1+ y/1-6 F1+F12 )
+ +

16 f12 16 f12

{- —, o},

{ 1-3f1- \1-6Ff1+f12 1

\/ (1-3 f1- \1-6 f1+F12 )Z \/ (1-3 f1- y/1-6 f1+f12 )2
2 'Fl 2+ 2+

412 4 f1?
1
*Uu, {u, 9, 1}] /. Line - Ar‘r‘ow}],
(1_3.1c1_«/1_<s1<ﬁ)2
2+ 4 £1?

{-Fl, 0.1, 3-2 «/E}, AnimationRunning - False]

Animate [Show[{Gl, G3, Par‘ametr‘icPlot3D[
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- N
{{_ 1-3f1+ +1-6F1+F12 , 1 , 1

3
(1-3f1+ Vi-6 F14FL2 )2 (1-3 f1+ VI8 F1F0 )2 (1-3 F1+ VI-6 F1F27 )2
2F14/2+ 24 24

4f1? 4f1? 4f1?

1-3f1- V1-6f1+f12 0 1 }
{- \/ (1-3f1-+1-6 1=1+1=12)2 T \/ (1-3f1- 1—6f1+f12)2 ’
41 4/1+ 1+

16 f12 16 f1?
1-3f1- V1-6f1+f12 1
{- , ,0}}*u, {u, @, 1}] /.
(1-371- 1—6-F1+-F12)2 (1-3f1- 1—6-F1+-F12)2
41 4/1+ 5 1+ z
16 £1 16 f1

Line -» Ar‘r‘ow}], {-Fl, 3-2 '\/E, 9.1}, AnimationRunning - False]

Out[«]=

nd] MERIE]
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Out[«]=

o] MERIE]

In[+ ]:= Eigenvalues[F[fl, f1,

(—1+3f1+ m)]]

1
a

Eigenvectors[F[fl, 1, ! (—1+3f1+ '\/1—6-F1+-F12)]]

a
Out[«]=

{; (1—-F1—\/1—6-F1+F12), ; (1—f1—\/1—6f1+1‘12), z (1—-F1+\/1—6F1+-F12)}
Out[«]=

1-3Ff1++/1-6F1+f12
{{- L)

1-3f1-+/1-6f1+F12 1-3f1-+/1-6f1+F12
5 41 0 1) {- 41 =

- J= Eigenvalues[F[e, o, '2”

Eigenvectors [F[O, 9, - z ”

Out[«]=
{1, 1, @}

Out[«]=

{{6, -1, 1}, {1, 0, @}, {0, 1, 1}}
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Out[«]=

Out[«]=

In[#]:=

Out[«]=

Out[«]=

In[« ]:=

Eigenvalues[F[0, 0, 0]]
Eigenvectors[F[0, 0, 0]]

{1, 0, 0}

{{1, 0, 0}, {0, 0,1}, {0, 1, 0}}
1-3fF1-1-6f1+F12  1-3fl+ 1-6F1+Ff12
Plot[{- s - }
2f1 2f1

{fl, 0, 3-2 \/E}, PlotLegends - "Expr'essions"]

1-3f1- 1-6F1+f12 1-3f1+ 41-6F1+F12

PIOt[{_ 21 T 2 f1 }’

{-Fl, 3+2 «/E, 7}, PlotLegends - "Expr‘essions"]

0.05 0.10 015 =

1-3f1- v 1-6 f1+f12

2f1

1-3 1+ \ 1-6 f14f12

2f1

1-3f1- y 1-6 f1+f12

2f1

1-3 1+ Y 1-6 f1+f12

whole.nb | 33

: 21
13
60 62 64 66 68 10
1-3f1+ \V1-6F1+f1?
G4 = ParametricPlotSD[{{- , 0,

(1-3 1+ V16 F1eF2 )2
4 f1 1+ 1+

16 f1?

1-3f1+ 41-6F1+F12 1

. , .o},

(1-3 1+ y/1-6 F1+F12 )2 (1-3 f1+y/1-6 f1+f12)
41 4/1+ 1+

16 f1? 16 12
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1-3f1-4/1-6f1+f12 1 1

g e = )
(1-3 f1- 4/1-6 f1+12 )2 (1-3 f1- 4/1-6 f1+f12 )2 (1-3 f1- 4/1-6 f1+f12 )2
21 4/2+ > 2+ > 2+ ~
a1 a1 41

{fl, 20, 3+2 «/E}, PlotStyle - RGBColor[1, 1, 0] ];
G5 = Par‘ametr‘icPlotBD[

1-3f1+ 41-6F1+F12 1 1

- il )
{{ \/ (1-3 1+ 4/1-6 F1+F12 )2 \/ (1-3 1+ 4/1-6 F1+F12 )z \/ (1-3 1+ 4/1-6 F1+F12 )2
2 'Fl 2 + 2 + 2 +

4f1? 4f1? af1?

1-3f1-4/1-6f1+f12 1

{- 0
EJ 3 EJ
(1-3 f1- 4/1-6 f1+F12 )2 (1-3 f1- \1-6 f1+F12 )z
4f1 1+ 16 f12 1+ 16 f12

1-3f1-4/1-6f1+f12 1
: =, o}},

{- ,
41 \/1 (1-31- ‘\/1-6f1+f11)2 \/1 (1-3 f1- Vs fron?
+ +

16 f12 16 f12

{fl, 3+24/2, 20}, PlotStyle - RGBColor[1, 1, 0] ];

Animate [Show [
1-3f1+41-6F1+f1° 1
{Gl, G4, ParametricPlot3D [{{- .0,
(1-3 f1+ 1/1-6 F1+F12 )Z (1-3 f1+4/1-6 F1+F12 )2
4 f1 1+ i 14+ —

1-3f1+4/1-6F1+f12 1
{_ 3 3 e}’
(1-3 1+ \1-6 F1+F12 )2 (1-3 1+ y/1-6 F1+F12 )2
4f1 1+ 16 12 1+ 16 12
1-3f1-4/1-6F1+f12 1

3
\/ (1-3 f1- \/1-6 f1+F12 )2 \/ (1-3 f1- y/1-6 f1+F12 )2
2F1 42+ 2.

4 f12 4 f12

3

{_

1
\/2 (1-3 f1- 4/1-6 f1+F12 )2
+

*u, {u, 9, 1}] /. Line -» Ar'r‘ow}],

412
{-Fl, 20, 3+2 \/E}, AnimationRunning - False]

Animate [Show[{Gl, G5, Par‘ametr‘icPlot3D[

1-3f1+4/1-6F1+f12 1 1

- k) 3
{{ \/ (1-3 1+ y/1-6 F1+F12 )2 \/ (1-3 f1+ 4/1-6 F1+F12 )2 \/ (1-3 f1+4/1-6 F1+F12 )2
2 'Fl 2 + 2 + 2 +

412 412

412
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1-3f1- \1-6f1+f12 1
{' k) 0) }J
\/ (1-3 f1- \/1-6 f1+f12 )Z \/ (1-3 f1- 4/1-6 f1+f12 )2
4f1 1+ 1+

16 f12 16 f12

1-3f1- \1-6Ff1+f12 1

3
af1 \/1 (1-3 f1- /1-6 f1+f12 )Z \/1 (1-3 f1- 4/1-6 f1+f12 )
+ +

16 f12 16 f12

{_

=, e}}*u, {u, @, 1}] /.

Line - Ar‘r‘ow}], {-Fl, 3+2 «/E, 20}, AnimationRunning - False]

Out[«]=
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o] MERIE]

1= (+*This is for visualize swdx)

2 flf2
H[f1_, f2_, f3_] := [-fl (*] f3]

-f2f3 o
s=3;

(*g is the discriminant surfacex)
g = ContourPlot3D[Discriminant [CharacteristicPolynomial [H[f1, f2, 3], w], w] == O,
{f1, -s, s}, {f2, -s, s}, {f3, -s, s}, AxeslLabel - Automatic,
Boxed -» False, Axes -» False, Mesh » None, PlotPoints - 80,
ColorFunction -» (Blend[{Purple, Pink, Lighter@Orange}, Mean[ {#1, #2}]1] &),
ContourStyle - Directive[Opacity[.9]]1;

(#»f1 and f2 are NLs%)
f1 = ParametricPlot3D[{Cos[t], -Cos[t], Sin[t] +1},

{t, @, 2}, PlotStyle -» RGBColor[0.30196, 0.14902, 0.00000] ] ;
f2 = ParametricPlot3D[{Cos[t], Cos[t], Sin[t] -1},

{t, @, 2}, PlotStyle -» RGBColor[0.30196, ©.14902, 0.00000] ] ;

(*p are MPs, =*)

p= Graphics3D[{Pointsize[0.03], Point[{{%, -23«/3 ,2/ 3},
{_23ﬁ, %, 2/3}, {-23«/3, _23«/5’ -2/3}, {¥, 2 ;E, -2731}]}]s

Show[{g, f1, f2}]
Show[{g, f1, f2, p}]
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mn-1= (*This is for visualize sw2x)

1-f1-f2 f1 f2
G[f1_, f2_, f3_] := -f1 f1-f3 {3
-f2 f3 f2-f3

s =3;
(*g is the discriminant surfacex)
g = ContourPlot3D[Discriminant [CharacteristicPolynomial [G[f1, f2, 3], w], w] == O,

{f1, -s, s}, {f2, -s, s}, {f3, -s, s}, AxeslLabel - Automatic,

Boxed -» False, Axes - False, Mesh - None, PlotPoints - 80,
ColorFunction » (Blend[ {Purple, Pink, Lighter@Orange}, Mean[ {#1, #2}]] &),
ContourStyle - Directive[Opacity[.9]1]11;

(*plotl and plot2 are NL and NIL, respectively. They are ploted in the same colorx)

1
plotl = ParametricPlot3D [{-Fl, f1, - (-1 +3f1l+ 1-6F1+F12 ) },
4

{f1, -s, s}, PlotStyle - RGBColor [0.30196, 0.14902, 0.00000] ] ;

1
plot2 = ParametricPlot3D [{-Fl, f1, - (-1 +3f1- 1-6f1+F12 ) },
4

{f1, -s, s}, PlotStyle - RGBColor [0.30196, 0.14902, 0.00000] ] ;

(*pl and p2 are the MPsx)

pl = GraphicsBD[{Pointsize[e.GB], Point[{3+ 242,3+24/2, 2+; ‘/E}]}]’

p2 = Gr‘aphicsBD[{PointSize[0.03], Point[{B— 22,3-2+2, 2-; '\/E}]}]:

Show[{g, plotl, plot2}]
Show[{g, plotl, plot2, p1, p2}]
Oout[«]=
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